Nine S~were awakened 2 min after the beginning of a REM period and 2 min after the beginning of a non-REM period (S tage 4), and were tested on a spiral aftereffect. The duration of the spiral aftereffect was found to be longer for the tests made following REM periods than for the tests made following non-REM periods. The results were interpreted to suggest a possible "carryover" effect from the particular sleep stage into the waking state.
The possible existence of a basic 24-h biological rhythm, on which the sleep cycle is superimposed, has stimulated a considerable amount of research in the last few years. The methods by which different researchers have tried to confirm the existence of a basic rest and activity cycle, as was proposed originally by Kleitman (1969) , can be roughly divided into two categories: the direct method and the indirect method. The main goal of the "direct" researchers has been to show that the sleep cycle is a time-lock mechanism, independent of the night and continuous throughout the 24 h. The sleep cycle has been observed during different times of day and night and under various conditions, such as naps, sensory deprivation, unusual schedules of sleep, and in Ss suffering from narcolepsy. Included in the indirect method were studies designed to try to prove the existence of a daily rhythm, with similar periodicity as the sleep cycle, and presumably with the same function. The daily rhythm was considered to be a daily representation of the basic cycle underlying the sleep cycle (Friedman & Fisher, 1966 : Oswald et ai, 1970 Dement et ai, 1972 : Globus, 1966 Globus et ai, 1972; Kripke et ai, 1970; Sterman et al, 1970; Othmer et ai, 1966; Webb & Agnew, 1966) .
Most of these studies conclude with remarks such as: " ... the D state [another designation to the REM state] has essentially nothing to do with sleep itself, but rather it is only during sleep that the D state can be measured by current techniques. Thus, the characteristic Stage 1, the REMs, and the decreased muscle activity are not the essential process itself, but only signs by which the process can be recognized. Because of the ongoing state of the waking organism it would be extremely difficult to pick up such signs [Globus, 1966, p. 657; italics added] ."
In light of such remarks, it seems surprising that only one study focused on wakefulness periods following awakenings from REM sleep and non-REM sleep (Fiss *Peretz Lavie is presently at the University of Florida, Gainesville. Florida. Address reprint requests to: Peretz Lavie, 101 NASA Building, University of Florida, Gainesville. Florida 32601.
19 et aI, 1966). It seems likely that these wakefulness periods would be less affected by the "on-going state of the waking organism," and qualitative differences between these periods may help to elaborate whether the sleep cycle continues "beyond" sleep. Fiss et al (1966) found indirect evidence that the REM state, or part of it, penetrates into wakefulness. Ss gave different responses to the Thematic Apperception Test upon awakening from REM sleep and non-REM sleep. The REM sleeper's responses were more bizzare and more "dream like."
In this study, a simple and quantifiable method, the spiral aftereffect (SAE) has been used in order to evaluate the possible continuation of the sleep cycle into wakefulness. Research has indicated that the duration of the SAE is influenced by two main factors: the persistence of the visual stimuli and the level of cortical arousability (Holland, 1964) . It was suggested that, due to the high level of cortical arousability during REM sleep and the inhibition of cortical activity during non-REM sleep (Jouvet, 1968) , the continuation of these states into wakefulness would lead to longer durations of the SAE following awakening from REM sleep than following awakening from non-REM sleep.
METHOD

Subjects
Nine naive Ss, six females and three males, aged 18-24 years, were tested. The Ss were asked to avoid alcohol, drugs. etc., during the day preceding the night the data were accumulated.
Procedure
Ss reported to the laboratory on the experimental night an hour before their usual bedtimes. Upon their arrivaL they \\'ere fitted in the usual manner with electrodes for recordin!! their EOGand their EEG (Rechtschaffen & Kales, 1968).
After being connected to the polygraph, the Ss were given an explanation of the SAE phenomenon. Thev were then !!'iven an experience with the SAE to familiarize them \~th the phenomenon. Each S was then tested five times on the SAE. The average score of the five trials was the score of the test. (The SAE apparatus was a remotely controlled rotary display with a constant speed of 60 rpm; it was located near the bed. It \\'as activated for 30 sec. in a counterclockwise direction each tim",) The Ss \,'ere mstructed to report Yerbally when they stopped seeing the illusion. The duration of the illusion \\'as timed with a stop\~·atch. After the test. the Ss went to sleep. Daring the night. the Ss were awakened twice: first. 5 min after the becinning of the first or second RE~I period. and second. 5 min-after -the beginning of the non-RE~I sleep. State 4. following RE~f 2 or RI~I 1. Criteria for identifying sleep stages \\'ere those described by Rechtschaffen and Kales 119681. The order of awakenings was balanced across nights in a systematic' fashion: that is. if the first S had the order of RE~I 1. non-RE~I 2. the second Shad the order of non-RE~I 1. RE~I 2. Assignment of Ss to these orders was done randomly. The Ss \\'ere a\\'akened by being called by their first names. After 2 min for the S to adapt to the ligh t. the Ss were tested on the SAE in the same manner as they had been tested before sleep. The data were analyzed by an analysis of yariance. repeated design.
RESULTS
The mean of the tests in the three conditions and the standard deviations are presented in Table I . Eight of the Ss had higher SAE durations for REM awakening than for non-REM awakening. One S showed the opposite effect. The A~OVA performed on the results is shown in Table 2 . The duration of the SAE after awakening from REM sleep, after awakening from non-REM sleep, and before sleep differ significantly, F(2,I6) = 5.32, P < .025. The statistic suggested by !':ewman-Keuls (Winer. 1962) was used in order to test for differences among the three conditions. The durations of the SAE following awakening from REM sleep was found to be longer than the duration of the SAE following awakening from non-REM sleep, t(16) = 2.98, P < .01. The wakefulness durations were found to be significantly longer than the non-REM durations, t(16) = 2.52, P < .05.~o difference was found between the REM durations and the wakefulness durations, t(16) < 1.
DISCUSSION
This study rew,,;, differences in wakefulness periods follo\\'ing different phases of sleep as measured by the durations of the SAE.
These results suggest that a closer observation of wakefulness periods following different phases of sleep may be a fruitful method for exploring the consequences of such phases.
Moreover. to the extent to which we accept the interpretation that the duration of the SAE reflects cortical arousability and the interpretation of a higher level of cortical excitability during REM sleep than during non-REM sleep, the results suggest that the effects of REM sleep may penetrate into the waking state.
